A) 


Check for 
updates 








Treatment of Mandibular Deformities 1 4 
Related to TMD by Vertical Ramus 
Distraction Osteogenesis 


Thomas Klit Pedersen and Sven Erik Nørholt 


Abstract 

To re-establish the dental occlusion, mandibular position and facial appearance, 
different orthognathic surgical options may be considered. These options include 
mandibular or bimaxillary surgery or alloplastic joint reconstruction, possibly 
combined with maxillary surgery. In cases with moderate deformity and minor 
malocclusion, an acceptable result can be achieved with orthodontic compensa- 
tory treatment combined with chin augmentation. Finally, vertical distraction 
osteogenesis (DO) with or without maxillary surgery may be considered and will 
be the focus of this chapter. 


14.1 Introduction 


Inflammation of the temporomandibular joint (TMJ) often gives rise to condylar 
deformities and structural changes of other joint components such as the disc and 
fossa. Impaired dentofacial development may therefore occur in growing individu- 
als [1] (Fig. 14.1), and in adults a change in mandibular position may occur over 
time (Fig. 14.2) [2, 3]. 

TMJ inflammation can be the result of a local chronic joint disorder and trau- 
matic loading (disc dislocation and degeneration, compression, 1.e. idiopathic con- 
dylar resorption) [4] or involvement of the TMJ in general arthritic diseases 
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Fig. 14.2 Change of mandibular position in an adult patient with TMJ arthritis 


(rheumatoid arthritis, juvenile idiopathic arthritis) [5, 6]. Some of the patients suf- 
fering from these diseases need reconstruction of the mandibular position to enhance 
occlusion, function and aesthetics. 

In growing individuals, TMJ inflammation may hamper the growth and develop- 
ment of the condyle and fossa. In most cases, this will result in a short condylar 
height and decreased ramus length [5, 7, 8]. This affects the posterior face height; 
and when growth has ceased, the end result is a retrognathic mandible, a steep 
occlusal plane and various dentoalveolar compensatory or dysplastic changes 
(Fig. 14.1). An open bite with contact only on the posterior teeth characterises the 
dental occlusion. 
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In nongrowing individuals, progressive condylar degradation can be followed by 
a change in mandibular position. The mandible rotates clockwise, and, like the 
growth disturbance described above, an open bite develops, although without the 
characteristic changes in mandibular morphology (Fig. 14.2). 

To re-establish the dental occlusion, mandibular position and facial appearance, 
different orthognathic surgical options may be considered. These options include 
mandibular or bimaxillary surgery or alloplastic joint reconstruction, possibly com- 
bined with maxillary surgery. In cases with moderate deformity and minor maloc- 
clusion, an acceptable result can be achieved with orthodontic compensatory 
treatment combined with chin augmentation. Finally, vertical distraction osteogen- 
esis (DO) with or without maxillary surgery may be considered. 


14.2 Condylar Stability 


Two main concerns, regarding stability, influence the final treatment of the occlu- 
sion and mandibular deformity: 1) the stability of the joint, especially the condyle, 
and 2) the stability of the skeletal reconstruction. In addition, soft tissue constriction 
related to limited growth might play a role as well. 

Condylar fibrocartilage has a pronounced ability to undergo adaptive remodel- 
ling [9] also holding characteristics of pathology. The homeostatic balance between 
normal condylar growth and adaptive remodelling on the one hand and pathological 
bone resorption on the other hand is most likely vulnerable to inflammation and 
repetitive microtrauma. There is a risk of condylar remodelling due to joint com- 
pression in orthognathic surgery [9, 10], specifically in high-angle cases (Fig. 14.3). 
It remains unknown whether this risk is increased in compromised condyles, but the 
preoperative volume is a prognostic factor for postoperative reduction in condylar 
volume and for skeletal relapse [10]. The process of condylar deformation may be 
expected to evolve in the course of several years, and no significant methods for 
assessment of condylar stability have so far been described. Luder [11] found that 





Fig. 14.3 Condylar degenerative changes over a 9-month period related to peroperative compres- 
sion of the joint in orthognathic surgery 
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gradual transition of the condylar tissue (1.e. hypertrophic cartilage and fibrocarti- 
lage) was completed at the age of 30 years and reported a probably lifelong remod- 
elling, indicating a late maturation and continuous adaptation ability. Formation of 
a subchondral bone plate is part of this transition. These findings confirm a clinical 
impression of joint remodelling in young adults. TMJ pathology may be hypothe- 
sised to disturb maturation, resulting in joint instability which, in turn, compromises 
the long-term results of the orthognathic surgery undertaken to solve skeletal anom- 
alies originally caused by the TMJ pathology. 


14.3 Assessing Condylar Stability 


No evidence-based recommendations are available for assessment of the condyle in 
regard to joint stability or final maturation. Schiffman et al. [12] demonstrated soft 
and hard TMJ tissue stability to be the most common finding in disc displacement 
and degenerative joint diseases which is not supporting the classic perception of a 
progressive development of these two TMJ diagnoses. Furthermore, change towards 
a less complicated diagnosis was seen in the long term. This seems to indicate adap- 
tive remodelling beyond the age of growth cessation. Acute impacts (such as com- 
pression) to the TMJ and highly inflammatory conditions (such as rheumatic 
diseases) may not develop in the same way. Condylar changes can be seen with 
compression of the condyle into the fossa, changing the condylar morphology and 
the mandibular position [10, 13]. Figure 14.4 shows a patient with progressing 
degenerative condyles causing a change in mandibular position. In JIA patients, 
alterations in condylar morphology and dentofacial appearance seem to change 
between 9 and 12 years of age [14, 15]. 

In the context of condylar maturation and pathogenesis, stability is an issue that 
must be considered when orthognathic surgery is planned in patients needing recon- 
struction of deformities caused by TMJ degeneration. Correct diagnosis of the TMJ 
pathology plays an important role. Age will also influence the course of condylar 
deformity. According to the diagnostic criteria (DC) [16], two main diagnoses with 
several subdivisions seem relevant: TMJ disorders and TMJ diseases. Joint disor- 
ders comprise disc displacements and other mobility disorders, while joint diseases 
include systemic arthritis, osteoarthritis and idiopathic condylar resorption. 
Condylar deformities caused by TMJ disorders seem to be relatively stable and they 
may possibly improve [12], whereas TMJ diseases may be prone to further deterio- 
ration, depending on general disease activity. 

There are several suggestions for assessment of joint stability, although only lit- 
tle is known about the sensitivity and specificity of these methods. Clinical exami- 
nation, radiographic imaging and observation over time are by far the most 
commonly used methods. 

Using DC is an option that enjoys a relatively high sensitivity and specificity for 
correct diagnosis of TMD [16]. For children and adolescents with juvenile idiopathic 
arthritis, the TMJaw (the former euroTMjoint) recommendations for clinical exami- 
nation and TMJ diagnose [17] are a clinical standard for following this specific group 
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Fig. 14.4 54-year old female with rheumatoid arthritis and bilateral involvement of the TMJ 


of diseases. To monitor occlusion, an occlusal splint can be used in which small 
dental impressions can disclose changes in the mandibular position over time. 

Imaging technique includes cone beam computerised tomography (CBCT), 
magnetic resonance imaging (MRI) and scintigraphy. The use of CBCT makes it 
possible to quantify condylar dimensions [18] and follow condylar hard tissue 
changes, but soft tissue inflammation and an increase in active remodelling pro- 
cesses cannot be traced with CBCT. CBCT was found to be superior to other radio- 
graphic modalities [19]. MRI can be used in order to reveal soft tissue, bone and 
bone marrow oedema [20]. In arthritis patients, active inflammation can be revealed 
by using a contrast-enhanced imaging technique [6]. Scintigraphy [21] has been 
suggested as a feasible method for assessment of condylar stability, although the 
sensitivity and specificity of the method remain unknown for condylar degradation. 
Scintigraphy is a common method for determination of condylar hyperplasia and is 
rarely used to assess condylar hypoplasia. 

Clinicians have different views on how and for long condylar changes should be 
monitored before treatment institution, and they recommend using various imaging 
techniques; however, for orthognathic surgical treatment of TMJ-induced dentofacial 
deformity, a treatment protocol specifying precisely when to commence treatment 1s 
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mandatory. A correct TMJ diagnosis is important for determining condylar stability. 
The patient should therefore be followed for a period of time with a standardised clini- 
calexamination method that includes evaluation of any occlusion change. Furthermore, 
cortical bone integrity and stability should be confirmed on CBCT. In case of general 
arthritis disease, contrast-enhanced MRI should be used to establish TMJ inactivity; 
and remission should be defined as a 2-year period without symptoms, without clini- 
cal signs of arthritis in general and without medication. The decision to initiate orthog- 
nathic surgery should not be taken in periods with symptoms and general disease 
activity unless it is a part of an overall and long-term treatment plan. 

Keeping in mind the uncertainty regarding condylar stability and the relatively 
long period of observation required, it may be relevant to consider an alternative 
treatment approach dividing the surgical procedure into less extensive parts. 
Immediate aesthetic issues could be solved without delay and remaining growth be 
used to improve dentoalveolar development. Minor changes in jaw relations due to 
condylar adaptation can then be adjusted in a final surgical/orthodontic procedure. 
DO offer a possibility to obtain the required lengthening of bone; and DO could be 
followed by an observation period before final adjustment of the occlusion is made. 


14.4 Distraction Osteogenesis 


Distraction osteogenesis (DO) of the mandible was first described by McCarthy et al. 
in 1992 [22]. Since then, a considerable number of studies have reported that mandibu- 
lar DO (MDO) may be an alternative or a supplement to conventional osteotomies. 

The DO treatment option may be considered in patients diagnosed with diseases 
involving mandibular growth impairment. Growth impairment of the jaws may lead 
to malocclusion, impaired chewing capacity, unequal loading of the joints and mus- 
cles, insufficient lip function, poor aesthetics and psychosocial malfunction [23]. 
The treatment objective is elongation of the mandibular bone corresponding to the 
lacking growth and thereby normalisation of jaw morphology and improvement of 
the function of the masticatory system. DO may be performed at all ages, as it is 
based on the basic principles of bone healing with callus formation, which takes 
place regardless of age [24, 25]. In general, the procedure is faster and has fewer 
side effects and complications in young than in older individuals [26, 27]. 
Furthermore, if DO is applied in growing individuals, growth can be exploited to 
improve dentoalveolar development. 

The literature describes that DO for mandibular ramus distraction has been used 
on the following indications: 


e Ankylosis of the TMJ [28, 29] 

e Craniofacial microsomia [30, 31] 

e Condylar fracture sequelae [32, 33] 

e Juvenile idiopathic arthritis (JIA) sequelae [34-36] 

e Growth impairment caused by temporomandibular joint disorders (TMD) [37] 
e Idiopathic condylar resorption [38] 
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This chapter will consider only situations in which the growth abnormality stems 
from an acquired degenerative pathological condition of the TMJ. Therefore, con- 
genital malformations, such as craniofacial microsomia, and deformities related to 
fractures or ankylosis are not described. Significant relapse at long-term follow-up 
of DO treatment in children with craniofacial microsomia has been reported [39, 
40]. Early DO in these patients should therefore be considered only if there is a high 
psychosocial demand for treatment. 

The acquired pathological conditions of the TMJ can cause a decrease of the 
total condyle-ramus height, and the resulting mandibular deformity will be an asym- 
metry with variance in rotation around the z- and y-axis in unilateral involvement of 
the joints, or micrognathia, if both joints are involved. The treatment objective is to 
restore the posterior face height by elongation of the mandibular ramus. This can be 
achieved by conventional orthognathic surgery or with DO, which are fundamen- 
tally different treatment principles. Conventional orthognathic surgical treatment 
aims to establish stable dental occlusion. In contrast, DO, aiming to correct skeletal 
abnormality, will bring the teeth out of occlusion as a consequence of ramus elonga- 
tion and the following intermaxillary separation. Subsequently, occlusion will be 
corrected at the dental level, through orthopaedic vertical dentoalveolar develop- 
ment and/or orthodontics or through surgical adjustment of the position of the max- 
illa. The orthopaedic dentoalveolar option can be effectuated when growth is still 
present, and the occlusion can be developed using an appropriate orthopaedic/func- 
tional appliance (Fig. 14.5). 

The choice of treatment methods is usually based on the presentation of the 
deformity, on the need of the patient and on the experience and preferences of the 





Fig. 14.5 Distraction osteogenesis of left mandibular ramus in a 13-year-old boy with previous 
JIA in the left TMJ. (a) Open bite immediately after DO, (b) functional appliance allowing erup- 
tion of upper premolars and molars, (c) occlusion at age 18; no fixed appliances have been used 
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surgeon and orthodontist. Some basic features differ between MDO and conven- 
tional orthognathic surgery. An MDO treatment always requires two surgical inter- 
ventions: one for inserting the distraction device and one for removing the device 
after the consolidation period. Conventional orthognathic surgery is done in one 
surgical procedure with movement of the bony segments and fixation using osteo- 
synthesis material. The soft tissues surrounding the mandible are acutely stretched 
in the conventional procedure, whereas the gradual process of distraction, usually 
1 mm per day, allows for a corresponding elongation of the soft tissue matrix accom- 
modating the above-mentioned concern of soft tissue limitations. This is believed to 
be a factor of importance for large elongations. A retention period of 3—6 months 
following the phase of active distraction is always required. The duration of reten- 
tion depends on the amount of distraction, the patient’s age and any general condi- 
tions affecting bone healing. 

The surgical trauma associated with DO is relatively small, as only minimal 
mobilisation of the bone and soft tissues is required. Accordingly, most patients are 
discharged on the day of surgery or the following morning. Removal of the distrac- 
tion device can cause a short period of extensive swelling due to the increased vas- 
cularity of the newly formed tissues. 

The aim of DO treatment is to relieve or prevent the issues related to function and 
appearance according to the patient’s needs. In order to minimise the burden of 
treatment, it is important to make an individual long-term treatment plan in case of 
early abnormal development. 

An important factor to consider when planning a surgical treatment is the chance 
of obtaining a result that fulfils the patient’s expectations and that may be reached 
with a predictable and stable result. It is imperative to share the considerations with 
the family to ensure informed consent about the goal and any risks. 


14.5 Treatment Planning: Timing of Surgery 


An optimal treatment outcome is most easily obtained if involvement of the TMJs 
is detected and necessary treatment initiated as early as possible. Cases of JIA with 
arthritic TMJ changes require pharmacological interventions, including systemic 
and local medications aiming to relieve symptoms and decrease arthritis activity. 
Correct medication can limit TMJ degradation although some level of growth devia- 
tion will develop. Caution should be taken regarding intraarticular steroids due to 
their possible negative influence on mandibular growth [41, 42]. 

Orthopaedic treatment with a functional appliance to support normal growth is 
the first treatment option, and it may be used to correct or minimize jaw deformity 
depending on the activity level, severity of the arthritic condition and deformity of 
the TMJs. Still, it should be noticed that the individual’s growth pattern and geno- 
type influences his or her response to orthopaedic treatment. If, however, surgical 
treatment appears to be indicated, the timing of the intervention should be consid- 
ered, which could be in infancy, early and late adolescence or after growth has 
halted, depending on the extent of both skeletal and soft tissue growth abnormality. 
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It is essential to outline a treatment plan where the different elements do not coun- 
teract each other. For instance, significant dentoalveolar compensations should not 
be undertaken if they would require later decompensations. 

The local and general disease activities are important factors as is the need for 
medication for the joint disease. 

For the definitive treatment, mandibular growth should have concluded, and any 
TMD or arthritic activity in the TMJs should be controlled in order to achieve stable 
results after orthognathic surgery [43] as described above. 


14.6 Planning Direction of Distraction: Vector Calculation 


In monodirectional distraction for mandibular ramus elongation, the vector of dis- 
traction is important for the position of the mandible after the distraction and thereby 
for the final result. The most preferential mandibular position for the succeeding 
treatment can be achieved by adjusting the vector. It is important to understand that 
some inaccuracy in the post-distraction mandibular position will always be present; 
however, a usable jaw relation can be achieved by thorough planning. It should also 
be recognised that deviating growth continues and a certain amount of relapse of the 
distance obtained will be a challenge at the next treatment level and for the ortho- 
paedic support of normalised eruption of teeth and dentoalveolar development. 

The challenge in relation to the mandible is its functional features, 1.e. its ability 
to move. Ramus elongation will change the movement pattern, and because of the 
increasing distance between the upper and lower dental arch, autorotation of the 
mandible is possible, although limited. Thereby, the mandible will be more anteri- 
orly placed, which is a desired position in cases of mandibular growth disturbances/ 
displacement caused by TMJ pathology. It is necessary to distinguish between uni- 
and bilateral vertical ramus elongation. 

Unilateral distraction: In asymmetric cases where the ramus is shorter on one 
side, the first step is to determine the difference between the molar and mandibular 
gonion level in the short and normal side. The distraction-related rotation around the 
z-axis will increase the distance from lower to upper incisors (Fig. 14.6). This dis- 
tance needs to be estimated which can be done on a posterior-anterior cephalogram 
or, preferably, using CBCT. CBCT allows more precise location of particular land- 
marks and less distortion of the image than the cephalogram. A difference in canting 
at the molar level and the gonion level can be identified, and a decision has to be 
made as to whether the cant in the occlusal plane or in the mandibular basis is the 
main target for horizontal alignment. However, a similar cant is found in most 
patients resulting in a sufficient aligning of both the occlusal plane and the man- 
dibular basis. 

When a decision, as to the distance needed for establishing a horizontal occlu- 
sal plane, has been made, lateral tracing of the short side can be prepared. A 
CBCT is preferred in order to depict the particular side. Furthermore, the condyle 
on the ipsilateral side—representing the point of z-axis rotation for the mandi- 
ble—can be established more adequately on the CBCT. On the lateral tracing, the 
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Fig. 14.6 z-axis rotation and incisal displacement with unilateral vertical ramus elongation. 
Calculation of vector, 1. step 





Fig. 14.7 Rotation sequence of the mandible for finding direction of the vector for distraction. 
Calculation of vector 2 step 


mandible is rotated with the centre in the condyle bringing the incisors down to 
the distance from the upper incisors found on the coronal view in the previous 
estimation of the horizontal occlusal plane (Fig. 14.7a). The mandible is now 
rotated downward posteriorly to the position where the distance between the 
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upper and lower molar indicates a horizontal occlusal plane with the lower man- 
dibular borders approximately at the same level (Fig. 14.7b). The centre of rota- 
tion is the incisal edge. The initial vector is found connecting the two incisal 
positions, i.e. the initial position and the position found after incisal movement by 
mandibular autorotation (Fig. 14.7c). The initial vector can be related as an angle 
to the occlusal plane. By mandibular autorotation, the initial vector will bring the 
incisor back to the original vertical position. If the patient has a horizontal overjet 
to correct, a horizontal anteriorly directed vector has to be added to the initial vec- 
tor. The size and direction of the horizontal vector are found by connecting the 
lower incisal edge with the upper incisal palatal tuberculum. The sum of the two 
vectors gives the resultant vector. The more anteriorly incisal movement needed 
will open the angle between the resultant vector and the occlusal plane. It has to 
be noted that with large anterior incisal movement, the increase in ramus height is 
reduced; it is important to balance the direction of movement to the individual’s 
need. See also Pedersen and Norholt [44]. 

Bilateral distraction: In case of bilateral TMJ pathology, a short ramus can be 
present in both sides. Although asymmetry in ramus length may be present, bilateral 
ramus distraction is simpler than unilateral ramus distraction. A lateral tracing is 
prepared, and the mandible/occlusal plane is translated forward and downward 
(Fig. 14.8). The preferred incisal position is controlled by mandibular autorotation. 
If the chin deviates from the midline, the vector is adjusted, 1.e. the angle to the 
occlusal plane is opened on the side towards which the chin deviates. The effect of 
forward mandibular movement with a more open vector angle in relation to the 
occlusal plane also applies for bilateral distraction. In general, the more open the 





Fig. 14.8 Mandibular bilateral distraction with mandibular autorotation 
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Fig. 14.9 Three different distraction indicator wires attached to a splint 





Fig. 14.10 Securing the vector for DO. (a) Schematic drawing illustration fixation of DO device 
with one screw which allows rotation for alignment of the indicator rod and the wire on the occlu- 
sal splint, (b) peroperative view of the aligned rod and wire 


angle to the occlusal plane, the more forward movement of the anterior mandible 
(pogonion). 

A distraction indicator wire is attached on an occlusal splint on the lower dental 
arch indicating the angle to the occlusal plane (Fig. 14.9). The indicator wire will 
serve as a guide for placing the distraction device in the correct position (Fig. 14.10). 


14.7 Surgical Technique 


MDO was originally performed by use of external distraction devices, which 
allowed for a long path of distraction and adjustment of the device during treatment. 
However, the penetration of pins through the skin causes scar formation, and carry- 
ing an external device for 4—6 months is a substantial psychosocial load for the 
patient. Reliable internal distraction devices placed directly on bone have 
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subsequently been developed, and these devices have become the devices of choice 
for most maxillofacial surgeons. 

To obtain a predictable result of DO, a calculation of the vector of distraction 
should be performed, as previously described. The surgical technique of vertical 
ramus DO with internal devices includes an intraoral incision facing the anterior 
border of the ascending ramus followed by exposure of the entire lateral surface of 
the ramus with the patient in general anaesthesia. Sufficient space is created by 
bluntly stretching the soft tissue. The distraction device is applied on the lateral 
surface of the ramus and through a trocar entrance fixed loosely with a cortical 
screw. An indicator rod is fixed perpendicularly to the distraction device, the surgi- 
cal guide is placed on the teeth, and the correct vector of distraction is ensured by 
rotating the distraction device around the one screw until the rod and the indicating 
wire attached to the splint are parallel (Fig. 14.10). A second screw is inserted to 
secure the position of the distraction device. The remaining screw holes are drilled, 
and the distraction device is removed to allow for osteotomy of the ramus by use of 
a piezoelectric device. The lingual periosteum is kept attached to the bone and the 
fracture completed. Free mobility across the osteotomy is mandatory. The distrac- 
tion device is reinserted and fixated in the predrilled screw holes. The device is 
activated to ensure movement without bony adherences of the lingual cortex, and 
the wounds are sutured. After 4—7 days, the distraction process is initiated by activa- 
tions of 1 mm per day until the planned bone elongation is obtained. During the 
entire activation period, a supporting occlusal splint should be used in order to keep 
the occlusal load on the dentition, while minimising pressure on the joint and dis- 
traction area. The splint is worn full-time and is adjusted several times in the active 
period. A final adjustment is made when the activation period is completed and the 
consolidation period starts. A minimum consolidation period of 3 months should 
pass before the devices are removed. The treatment protocol varies with the patient’s 
age. The principles used at various stages are described in the following. 


14.8 DO in Preadolescence Combined with Orthopaedics 


The surgical procedure of DO is relatively gentle and can be performed at all ages. 
Thus, if the disorder of TMJ pathology and growth disturbance is identified at a 
young age and the condition of the TMJ is stable, it is possible to undertake early 
elongation of the mandibular ramus and thereby “catch up” with the insufficient 
growth. Early intervention is indicated if the severity of growth restriction does not 
allow for correction solely with orthopaedic measures. The DO procedure is fol- 
lowed by an orthopaedic treatment to support the position of the mandible and 
secure the development of a normal occlusion (Fig. 14.5). A valid evaluation of the 
patient’s growth stage is important because sufficient dentoalveolar growth is 
required after DO. In unilateral distractions, there is still remaining growth in the 
healthy side, and overcorrection by the DO procedure is therefore recommended. If 
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DO is performed before growth has ceased, further growth and development can be 
normalised owing to the continuous growth in the dentoalveolar area [44]. 
Orthodontic treatment may be required for final occlusal settling. Early surgical 
treatment with DO is indicated in two categories of patients with impaired growth 
of the mandibular ramus: (1) where it is expected that bone lengthening followed by 
orthodontic and orthopaedic treatment may suffice and no further surgery is required 
and (2) in patients where the severity of the deformity is expected to require repeated 
surgery and early improvement of the facial morphology is desired. 


14.9 DO in Preadolescence Combined with Later 
Orthognathic Surgery 


In patients with unilateral involvement, early DO is rarely indicated unless it is 
expected that no further surgery is required. However, if micrognathia develops as a 
consequence of both TMJs being restricted in growth, the deficiency is likely to 
require definite surgery when growth has ended. Nevertheless, early elongation of 
the mandibular rami using DO is an option to obtain functional improvement and 
improved aesthetics at a young age. Later, orthopaedic and orthodontic treatment 
will have to be undertaken to maintain the position of the mandible, stimulate fur- 
ther growth and establish good occlusion. It must be anticipated that a second surgi- 
cal treatment may be indicated at a later stage. However, it will be less extensive 
than if no primary treatment had been done. 


14.10 DOin Adolescence Combined with Orthodontics 
and Orthopaedics 


For patients in late adolescence in whom orthopaedic treatment turns out to be 
insufficient, DO followed by orthodontic adjustment may be an option. Treatment 
can be finalised by orthodontics provided that the malocclusion arising after com- 
pletion of DO is mainly of dentoalveolar origin (Fig. 14.11). If a skeletal component 
is present, the option described in the following section is usually chosen. 


14.11 DO in Adolescents or Adults Combined with Le Fort 1 
and/or Genioplasty 


If the mandibular position is corrected by DO, the remaining maxillary deviation 
usually requires surgical correction to ensure stable occlusion. Maxillary osteotomy 
can be used to correct deviations in all three dimensions, and it is planned to be 
performed either at the surgical procedure during which the distraction device is 
removed or at a later stage (Fig. 14.12). Additionally, the chin projection is often 
compromised in bilateral cases and can be improved by a chin augmentation when 
removing the distraction devices. 
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Fig. 14.11 (a) A 12-year-old boy with previous JIA in the left TMJ. Asymmetry of mandible. (b) 
Situation 6 months after DO of left ramus (15 mm) at the age of 14. (c) Appearance and occlusion 
1% year after DO. No fixed orthodontic appliances have been used 
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Fig. 14.12 (a) Female 17 years with previous JIA. Bilateral involvement of TMJ. (b) Clinical 
situation 2 months after DO. CBCT after 6 months. (c) 18 months after DO and 6 months after Le 
Fort 1 osteotomy 
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14.12 Stability, Risks and Complications 


Patients with sequelae related to degenerative diseases of the TMJ may have an 
increased risk of relapse and joint symptoms following jaw surgery. Relapse from 
orthognathic surgery is known to be more frequent in these patients (Fig. 14.3) than 
in patients with normal, healthy joints, and it should therefore be considered if it 
would be safer to divide the treatment of severe malformations into several smaller 
and more predictable procedures, e.g. treatment with DO. Relapse after mandibular 
osteotomy in JIA patients has been reported to be 0-8 mm [43]. This may be caused 
by continuous arthritic activity in the TMJs or by the tendency to relapse after 
orthognathic surgery in general [45, 46]. Relapse is mainly due to two factors: 
Firstly, extensive surgical movements of the bone segments in patients with micro- 
gnathia may challenge the soft tissue limits, resulting in partial reversion to the 
former morphology. Secondly, instability of the TMJ, i.e. the condyle, can result in 
further mandibular displacement leading to recurrence of the sagittal and vertical 
malformations. DO will also result in histogenesis of the soft tissue and thereby 
improve soft tissue extension. 

Patient satisfaction is very high after advancement of the chin by genioplasty, 
both with and without bilateral sagittal split osteotomy (BSSO) [43]; and 15 out of 
16 patients reported that their surgery had a positive impact on their lives. The com- 
plication rate is usually low, but neurosensory disturbance of the mental nerves was 
reported as the most uncomfortable complication after surgery. Following mandibu- 
lar DO, permanent neurosensory impairment was seen in 1.5% in a series of 131 
patients [46], and a review comparing BSSO and MDO reported impairment in 
2.9% of DO patients compared with 27.8% of patients following BSSO [47]. 

The effect of DO on the TMJ has been evaluated histologically in animal experi- 
mental studies of arthritic joints. In these studies, no increase in inflammation was 
observed [48]. In clinical follow-up of patients treated with vertical ramus DO, mild 
reactions from the TMJ were frequently found, but the number of severe complications 
related to the TMJ was low; temporary pain and sound from the joints were reported in 
approximately 40% of all patients, whereas degenerative changes occurred in 1.5% of 
the patients [46]. In a group of patients with JIA and unilateral TMJ involvement 
treated with DO, a temporary decrease in mandibular mobility was observed, but at 
long-term follow-up, the initial mobility was regained [34]. The anterior rotational 
mandibular movement during the DO occasionally causes the coronoid process to 
move in a cranial direction. This can result in interference with the zygomatic body or 
arch during mandibular movement. This problem is usually solved by reduction oste- 
otomy of the coronoid process at the time the distraction device is removed. 


14.13 Conclusion 
Although only a small group of patients with TMJ pathological sequelae will need 


orthognathic surgical correction, it must be acknowledged that their orofacial func- 
tion is severely reduced. Surgical treatment is challenging in patients with 
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compromised TMJs due to the specific limitations and the risk of relapse associated 
with their primary disease. It is therefore recommendable to design individual treat- 
ment plans that take into account disease activity, joint stability, risk of relapse and 
treatment burden. Additionally, dividing procedures into smaller and more predict- 
able steps should be considered. Research in this field should focus on the efficacy, 
risk and stability of the treatment regime chosen. 
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